2 "Every kind of peaceful cooperation among men is primarily based on mutual trust and only secondarily on institutions such as courts of justice and police", Albert Einstein once said. Indeed, interpersonal trust is an essential element of social life in general and an important determinant of cooperative behavior in particular (Pruitt & Kimmel, 1977; Yamagishi, 1986) . After all, most people will only cooperate if they expect others to do so as well, making mutual trust an important precondition for establishing mutual cooperation.
Pharmacological studies in rats and humans suggest that the neurotransmitter serotonin plays a crucial role in promoting cooperative behavior (Crockett, 2009) , which can be enhanced through increasing the serotonin (5-HT) level by administering selective serotonin reuptake inhibitors (Knutson et al. 1998; Tse & Bond, 2002) and reduced by lowering the serotonin level through tryptophan depletion (Crockett et al., 2008; Crockett, Clark & Robbins, 2009; Wood et al., 2006) . Here, for the first time, we focused on the key precursor to cooperation: interpersonal trust.
We tested whether mutual trust can be promoted by administering the food supplement L-Tryptophan (TRP), the biochemical precursor of 5-HT. TRP is an essential amino acid contained in food such as fish, soy, eggs and spinach. TRP supplementation is known to increase plasma TRP levels and to influence brain 5-HT synthesis . We expected to find an effect of TRP on interpersonal trust because the Medial Prefrontal Cortex (MPFC), the brain region associated with trust-related decisions (McCabe et al., 2001; Delgado, Frank & Phelps, 2005) , receives serotonergic projections from neurons in the raphe nuclei, the principal source of serotonin release in the brain. It is thus plausible, if not likely, that the activation of MPFC is modulated through serotonergic projections-which we aimed to target by the supplementation of TRP.
We investigated the link between tryptophan supplementation and interpersonal trust in healthy adults exposed to oral dose of either TRP or a neutral placebo (see Supplemental 3 Material). Following an unrelated joint-action task involving the same two participants, interpersonal trust was measured by having pairs of participants perform the Trust Game (Camerer & Weigelt, 1988 )-a task that measures the extent to which one person (the trustor) trusts another person (the trustee), as indicated by money units transferred from trustor to trustee. Members of each pair were seated in two separate cubicles and led to believe that one of them would play the role of trustor and the other the role of trustee (in reality, both of them were trustors). Trustors were endowed with €5 and could decide how much of this amount to transfer to the trustee. Transferred money would be multiplied by three, after which the trustee could reciprocate by giving part of this tripled amount back to the trustor. Thus, by transferring eurocents to the trustee, the trustor could gain extra endowments, but only if the trustee would give enough money back-which makes the amount transferred by the trustor an indicator of interpersonal trust (Meijnders et al., 2009 The present study is the first to demonstrate that TRP supplementation promotes interpersonal trust. One may wonder how this novel finding relates to the observation of Kosfeld et al. (2005) that the neuropeptide oxytocin (OT) also increases trust and cooperation.
Such similarities between the social effects of TRP and OT are plausible if one considers the functional and anatomical interactions between serotonergic and oxytocinergic systems.
Serotonergic terminals, mainly originating from the dorsal and median raphe nuclei of the brainstem, project to the paraventricular nuclei (Larsen et al., 1996) , the neurons of which synthesize OT. Further, the administration of the serotonergic agonist fenfluramine to healthy subjects increases plasma OT levels (Lee et al., 2003) . One may thus speculate that interpersonal trust is mediated by the effect that serotonin exerts on OT levels.
More research is needed to replicate, clarify, and extend our preliminary findings. For instance, it is possible that TRP makes people more trusting by making them more inclined to take social risks. Indeed, the decision to trust another party involves risk for the trustor (Kosfeld et al., 2005) and TRP does induce people to take more risks (Doya, 2008; Murphy et al., 2009) . To disentangle the relationships between serotonin, risk-taking and trust, future research might consider the impact of individual differences in risk aversion (cf. Kosfeld et al., 2005; Mikolajczak et al., 2010) . Another issue worth noting is that all of our participants played the role of the trustor, while they were led to believe that the other participant was the trustee. The reason we used this procedure was that we were primarily interested in the effect of TRP on trust, and not on trustworthiness (which is measured by trustees' decisions).
However, future research may consider the effect of TRP on trustees' decisions as well, which might generate new insights on the effect of TRP on trustworthiness and reciprocity. Finally, we cannot exclude that in our study trust and cooperation was enhanced by the earlier interaction between the participants, perhaps by making the existence of a human trustee more plausible, see Supplemental Material.
The present paper is the first to show that TRP facilitates interpersonal trust, a fundamental precursor of social cooperation. As such, our findings shed an interesting new light on the social functions of serotonin. In a sense, our results support the materialist approach that "you are what you eat" (Feuerbach, 1863) -the idea that the food one eats has a bearing on one's state of mind. The food we intake may thus act as a cognitive enhancer that modulates the way we think and perceive the physical and social world. In particular, the supplementation of TRP, or TRP-containing diets, may promote interpersonal trust in inexpensive, efficient, and healthy ways, thus supporting the "peaceful cooperation among men" Einstein was concerned about. (2008) women using contraception were tested when they actually used the contraception pill. On each experimental morning, participants arrived at the laboratory at 9:30 a.m. Participants had been instructed to fast overnight; only water or tea without sugar was permitted. In addition, subjects were not allowed to use any kind of drugs before and during the experiment or to drink alcohol the day before their participation and arrival at the laboratory.
Written informed consent was obtained from all subjects; the protocol and the remuneration arrangements of 12 euro were approved by the local ethical committee (Leiden University, Institute for Psychological Research).
Procedure
Participants were invited to the laboratory in (unacquainted) pairs. Upon arrival, they were individually asked to rate their mood on a 9 × 9 Pleasure × Arousal grid (Russell, Weis, & Mendelsohn, 1989 ) with values ranging from -4 to 4. Heart rate (HR) and systolic and diastolic blood pressure (SBP and DPB) were collected from the non-dominant arm with an OSZ 3 Automatic Digital Electronic Wrist Blood Pressure Monitor (Spiedel & Keller) . One hour following the administration of TRP (corresponding to the beginning of the 1h-peak of the plasma concentration; or placebo, participants rated again their mood before having HR, SBP and DBP measured for the second time.
Next, after briefly meeting one another (and having performed an unrelated, 15-min computer-based joint action task requiring speeded responses to the color of circles on a screen), the pairs were presented with a behavioral Trust Game (Camerer & Weigelt, 1988) , a task widely used in behavioral economics to measure interpersonal trust.
After the trust game, participants again rated their mood before having HR, SBP and DBP measured for the third time. None of the participants was aware of the treatment condition (TRP or placebo).
After these measurements, the experimental session was ended and all participants were paid the same amount of money for participation (i.e., €12), irrespective of their choices in the trust game. All participants agreed with this payment procedure.
Results
ANOVAs revealed that HR significantly decreased (82 vs. 74 vs. 70) after TRP, but not after placebo (69 vs. 68 vs. 67) supplementation, F(2,76)=8,34, p<.01. This is consistent with a previous finding (Côte et al., 2004) suggesting the TRP reduces stress symptoms by lowering the heart rate. Although our sample was imbalanced with respect to gender, this cannot account for the effect of TRP on trust, because the four male participants were evenly distributed across conditions. Moreover, even though TRP does affect men differently than women, no gender effect on mean changes of plasma TRP has been reported previously after using the same method as we did .
